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ABSTRACT
Hybrid ceramics combine the beneficial properties of resin with the advantage of glass ceramics. However, there
are limited study about on roughness properties of hybrid materials. Objective: To investigate of the effects of
surface finishing methods on roughness of dental restorations made from hybrid CAD/CAM blocks. Methods:
A total of 60 samples were produced (n=20) for three main material groups, two different hybrid ceramic (LAVA
Ultimate and VITA Enamic) and a conventional glass ceramic (IPS e.max CAD). Each material group was divided
into two subgroups (n=10). Ten samples were polished and 10 were glazed according to related manufacturer
instructions. Surface roughness was measured with a surface profilometer. Data were statistically analysed using
two-way ANOVA (p<0.05). Results: This study revealed that glazed surfaces were exhibited higher surface
roughness values than polished surfaces in all materials (p<0.001). Minimum Ra values were belonged to Lava
Ultimate polished group (Ra=0,07 μm) and maximum values were belonged to IPS e.max CAD glazed group
(Ra=0,38 μm). Conclusion: Within the limitations of the present study, it may be suggested that finishing the
hybrid ceramic restorations by mechanical polishing instead of glaze gives better clinical performance in regard
to surface roughness.
Key words: hybrid ceramic; surface finishing method; surface roughness
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INTRODUCTION
One of the most important purposes of prosthetic
dentistry is to restore missing teeth or dental tissues
with materials with physical properties similar to
natural teeth. For this purpose, new technologies and
materials are constantly being developed for use in
dentistry. In few decades, with the increasing the pace
of life, interest in CAD/CAM (computer aided design/
computer aided manufacture) restorations made in a
single session in the clinic has increased.1 The most
important advantages of the system are that the rapid
production of the restoration and as well as the designed
restoration can be seen by the both physician and the
patient beforehand production.2

biocompatibility. However, repairing the fractures
that occur after the porcelain restoration is placed
in the mouth poses a problem. A broken restoration
needs to be replaced. In many cases, renewal of the
restoration requires a complex and challenging process.
Repair is the most conservative and the least invasive
method that prevents the restoration from changing
and can be solve the problem. However, in order to
be achieve successful repair, there must be a good
bonding between the existing restoration material and
the repair material. Repairing and applicable of the
resin composites are easier than porcelain, but their
mechanical properties and biocompatibility are not as
good as porcelains.3 For this reason, some researchers
have tried to create ideal restorative materials by
combining composites with dentin-like elastic modulus
and feldspathic ceramics with enamel-like properties

Ceramics are one of the most preferred materials
by clinicians due to their chemical stability, good
mechanical and optical properties, as well as superior
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in order to create the ideal material.4 For this purpose,
hybrid ceramic materials are developed in accordance
with the CAD/CAM system. These materials combine
the beneficial properties of resin with the advantage of
glass ceramics. Usage of hybrid ceramics in dentistry
offers various advantages. Hybrid materials can be
easily milled and no sintering is required. This has
shortened the workflow. Characterization and grinding/
polishing of the restoration can be done even after
permanent cementation. The modulus of elasticity of
hybrid ceramics is lower than porcelain and is closer
to dentin. Therefore, it does not cause wear on the
opposing teeth. According to literature,5 the polymer
infiltrated ceramic networks (hybrid materials) have
similar elasticity modulus with dentine, whereas
ceramic based materials such as lithium disilicate
glass ceramics and feldspar glass ceramic have higher
elasticity modulus than dentine.

The aim of this study was to investigate the effect of
different finishing methods on surface roughness of the
hybrid CAD/CAM materials such as resin nanoceramic
and interpenetrating network hybrid ceramic.

METHODS
In this study; A total of 60 specimens were prepared
using two different CAD-CAM hybrid block and
one glass ceramic block. Materials used, chemical
ingredients, brand name/manufacturer companies,
the names of experimental groups, applied surface
finishing methods and number of the specimens
for each group are presented in Table-1. To ensure
standardization, monochromatic blocks had same
shade and translucency (A1/HT for group LU, A1/HT
for group EM, 1M1/HT for group VE) were used in all
materials. All blocks were cut into 2 mm slices using
precision cutting machine (IsoMet 1000 Low Speed
Saw, Buehler, USA) with diamond cutting disc (Isomet
Diamond Wafering Blades 127x0.4 mm, Buehler,
USA). After cutting process, half of the samples of each
material were divided into two subgroups (n=10), one
was the mechanical polishing group, the other was the
glaze group for each material.

In 2012, resin nanoceramic was the first introduced
hybrid ceramic CAD/CAM material in dentistry.
Structure of this material consists of dispersed zirconia
and silica nanoparticles and zirconia-silica clusters
in the polymer matrix. In 2013, hybrid ceramic block
composed of the polymer infiltrated ceramic networks
were introduced to the dental market. In this material,
feldspathic ceramic crystal network structure is
supported by an acrylate-based polymer mesh. The
fracture rate of this material compared to ceramics is
significantly lower, in addition the wear resistance of
it is higher than conventional composites. Less brittle
material so that the edges do not break during milling
and that provides a good marginal adaptation.6

Lithium disilicate reinforced glass ceramic specimens
of EM-G and EM-P groups were crystallized according
to the manufacturer’s instructions and reached its
final color. In accordance with the manufacturer’s
instructions, pre-polishing with silicone polishing
rubbers were applied on the surface of the EM-G
group specimens. After that, surfaces were cleaned in
an ultrasonic bath (Ultrasonic Cleaner, 28UT ProD,
Medisson, İstanbul, Turkey) and after drying, glaze
material consisting of composition powder/liquid
(IPS e,max Ceram Glaze Powder+Glaze and Stain
Liquid, Ivoclar Vivadent, Schaan, Liechtenstein) was
applied on sample surfaces with help of a brush and
the glaze layer was sintered by firing according to the
manufacturer’s instructions. In the E.max-P group,
after ultrasonic cleaning, mechanical polishing process
was performed with a mechanical polishing set (Dialite
LD K0240 Extra-Oral Lithium Disilicate Polishing
System, Brasseler, USA) suitable for the lithium
disilicate material until a gloss surface was obtained.

The microstructure of the material has an effect on the
surface properties. The surface roughness is one of the
most important properties for dental restorations that
affects many clinical features such as the longevity
of the restoration, its esthetic appearance and plaque
retention.7 Different surface finishing methods such
as glaze or polish have been described in literature for
CAD/CAM materials. Many previous studies focused
on optical and surface properties of hybrid CAD/CAM
materials have been stated that the optic and surface
properties can be affected by the material type and the
applied surface finishing procedure.8,9 In a previous
study10 has been reported that polished hybrid ceramic
material exhibited higher staining than glazed one
and other glazed non-hybrid ceramics. It was reported
that glazed CAD/CAM surfaces are more advanced
and smoother compared with non-glazed surfaces.9
Another study about hybrid ceramic has reported that
higher surface roughness and staining in glazed surface
than polished surface.11 However, some studies have
reported different results stated similar roughness
between glazed and polished surfaces.12,13 In order that
there are limited studies and conflicting results about
the effects of these methods on roughness properties of
hybrid ceramic materials, future studies are required.

In hybrid CAD-CAM materials, glazing process was
carried out using a resin-based light cure glaze material
(Vita Enamic glaze, VITA Zahnfabrik, Bad Sackingen,
Germany).
In the Vita Enamic glaze group (VE-G), one surface of
the samples was sandblasted with 50μm Al2O3 particles
at 1 bar pressure. Then 5% hydrofluoric acid gel (Vita
Ceramics Etch, VITA Zahnfabrik, Bad Sackingen,
Germany) was applied on the specimen surfaces for
60 seconds and then specimens were ultrasonically
186
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Table 1. Experimental groups and used materials in the study
Group
Code

n

Surface
Finishing
Method

LU-G

10

Glaze

LU-P

10

Mechanical
polishing

VE-G

10

Glaze

VE-P

10

Mechanical
polishing

EM-G

10

Glaze

EM-P

10

Mechanical
polishing

Material

Brand Name/Manufacturer

Hybrid Ceramic
(Rezin nanoceramic)

Lava Ultimate/3M
Espe, Seefeld, Germany

Hybrid Ceramic
(Polymer infiltrated
network ceramic)

Vita Enamic/ Vita
Zahnfabric, Bad
Sackingen, Germany

Glass Ceramic
(Lithium disilicate
reinforced ceramic)

IPS E Max CAD.
Ivoclar Vivadent,
Schaan, Liechtenstein

Chemical Composition
Contains about 80% (mass fraction)
nanoceramic particles (20 nm Silika, 4-11
nm Zirconia and zirconia/silica combined
nanoparticles), bound in the resin matrix.
The ceramic particles consist of three
different ceramic fillers which reinforce a
highly cross-linked polymeric matrix.
Ceramic part (%86): 58 –
63%SiO2, 20 – 23% Al2O3, 9 –11% Na2O,
4 – 6%K2O, 0,5 –2%B2O3, < 1% ZrO2, <
1%KaO
Polymer part (%14):Uretan
Dimethacrylate,Tri-etilen glicol dimethacrylate
Crystal part (%70): Lithium
disilicate crystals
Ceramic part: 57-80%SiO2, 11-19%Li2O,
0-13% K2O, 0-11P2O5, 0-8%, ZrO2,08%ZnO, 0-12% other colouring oxides

LU-G: Glazed Lava Ultimate, VE-G: Glazed Vita Enamic, EM-G: Glazed IPS Emax CAD, LU-P: Polished Lava Ultimate,
VE-P: Polished Vita Enamic, EM-P: Polished IPS Emax CAD

In the Vita Enamic polishing group (VE-P), mechanical
polishing was applied in two stages using the
recommended polishing set (Vita Enamic polishing
set technical, VITA Zahnfabrik, Bad Sackingen,
Germany) until a shiny surface was obtained.

cleaned. Glaze material was applied with disposable
applicator brush (Vita Enamic Microbrush, VITA
Zahnfabrik, Bad Sackingen,Germany) on all sample
surfaces as a thin single layer without folds, and then
dental led light source (Valo LED, Ultradent, Utah,
USA) for 30 seconds was applied for polymerisation.
After the polymerization, the surface is checked
to ensure that there is no stickiness and thus the
polymerization is completely ensured.

Surface Roughness measurements (Roughness
avarage, Ra) were made on a profilometer (Mitutoyo
Surftest SJ-310, Mitutoyo Corporation, Tokyo, Japan) at
a speed rate of 0.5 mm/s and a cut-off value of 0.8 mm.
After ultrasonic cleaning, the arithmetic mean of the
measurements taken from three different region from
each sample surface was accepted as the roughness
value of the sample. Before each group measurement,
the profilometer was calibrated with a reference block
(Mitutoyo precision reference specimen code no:178601, Mitutoyo, Japan) with a Ra value of 3.00 μm.

In the Lava Ultimate glaze (LU-G) group, one surface
of the samples was sandblasted with 50μm Al2O3
particles at 1 bar pressure, then ultrasonically cleaned.
With the disposable applicator brush (Vita Enamic
Microbrush, VITA Zahnfabrik, Bad Sackingen,
Germany) The glaze layer, which was applied to the
sample surfaces as a thin single layer without folding,
was polymerized with a dental LED light source
(Valo LED, Ultradent, Utah, USA) by applying light
for 30 seconds in accordance with the company’s
recommendation. After the polymerization, the
surface was checked and it was observed that there
was no stickiness and thus the polymerization was
fully achieved.

When evaluating the roughness change in hybrid CAD/
CAM materials, lithium disilicate reinforced glass
ceramic material was used as control, because of that it
is the most commonly used CAD/CAM ceramic block
in current dentistry due to its mechanical and esthetic
properties. Group EM-G was accepted as the control
group for the glazed groups and EM-P was accepted
as the control value for the polished groups.

In the Lava Ultimate polishing group (LU-P),
mechanical polishing process was applied using the
recommended polishing set by manufacturer and
performed in accordance with the manufacturer’s
instructions. Firstly, pre-polishing was applied with
medium and fine-grained rubbers at low speed onto
the surfaces, then polishing paste was applied using
bristle, felt and cotton brushes to the entire surfaces at
high speed until a shiny surface is obtained.

Statistical analysis of the data was performed using
SPSS version 26 software (IBM SPSS, Inc., Chicago,
IL). Normality of the experimental data obtained from
each group were explored for using Shapiro-Wilk test.
The data were analysed using two-way ANOVA (factor
1: Finishing method, factor 2: Material) and Tukey’s
post-hoc comparison. The significance level was set
at α=0.05.
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Table 2. Means (standard deviations in parentheses) and statistical differences of surface roughness values (Ra values-µm)
Finishing
Method

GLAZE

POLISHING

Group
Code

Surface
Roughness
Mean (SD)

LU-G

0,37 (0,02)a

VE-G

0,22 (0,01)

EM-G

0,38 (0,03)a

0.490

<0.001

LU-P

0,07 (0,01)c

<0.001

<0.001

<0.001

VE-P

0,12 (0,01)

<0.001

<0.001

<0.001

<0.001

EM-P

0,18 (0,01)

<0.001

<0.001

<0.001

<0.001

b

d
e

Significance p-value
LU-G

VE-G

EM-G

LU-P

VE-P

EM-P

<0.001

0.490

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
<0.001

Note: Different superscript letters indicate the statistical differences among the all groups. p-value indicated statistical
significance at alpha=0.05. (LU-G: Glazed Lava Ultimate, VE-G: Glazed Vita Enamic, EM-G: Glazed IPS Emax CAD,
LU-P: Polished Lava Ultimate, VE-P: Polished Vita Enamic, EM-P: Polished IPS Emax CAD)

Figure 1. Graphical representation of experimental data of the surface roughness. Error bars indicated the standart error at
95% confidence interval. (LU-G: Glazed Lava Ultimate, VE-G: Glazed Vita Enamic, EM-G: Glazed IPS Emax CAD, LUP: Polished Lava Ultimate, VE-P: Polished Vita Enamic, EM-P: Polished IPS Emax CAD)

RESULTS

group (p<0.001). EM-P control group showed higher
roughness (Mean Ra=0,18 µm) values than polished
hybrid groups (p<0.001). The most prominent changing
(nearly 80%) in roughness depending to surface
finishing technique was occurred in Lava Ultimate
hybrid CAD/CAM material. Glazed Lava Ultimate
material exhibited significantly higher roughness than
polished one.

The mean surface roughness values and
statistical test results are presented in Table 2 and
graphical representation of experimental data is shown
in Fig. 1. The results of 2-way ANOVA indicated that
the surface roughness values varied significantly,
depending on the finishing methods and materials
(p<0.001). Glazed surfaces were exhibited higher
surface roughness values than polished surfaces in
all materials (p<0.001). The highest roughness value
was seen in EM-G control group exhibited similar
roughness with LU-G group (p=0.490). VE-G group
had lower roughness (Mean Ra= 0.22) than other
glazed hybrid group (LU-G) and control group (EM-G)
(p<0.001). In polished groups, VE-P and LU-P groups
exhibited significantly lower mean roughness values
when compared control group (EM-P). In addition,
LU-P group has lower roughness when compared VE-P

DISCUSSION
In this study, the surface roughness of hybrid CAD/
CAM materials combining the advantages of ceramic
and composite materials was investigated after two
different surface finishing processes (polishing and
glaze) and compared with the surface roughness of
commonly used glass ceramic (Lithium disilicate
reinforced glass ceramic) CAD/CAM material.
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Surface finishing processes improve the mechanical
and physical properties of the material.14 The glossy
restoration surface better imitates the natural dental
appearance and provides a more esthetic result. Dental
plaque accumulation is less on the smooth surface, and
cleaning of the plaque is easier. Glaze or polishing
processes are applied to the restoration surface to
obtain a smoother and glossier surface.

glazed LU had higher roughness than glazed VE
in our study. Dogheim et al.23 reported that similar
roughness between LU and EM material. In our result,
roughnesses of LU and EM control group were similar
in glazed group, but in polished group LU material
had superior than EM material. This difference in
results may be due to the difference in the production
method of the EM material (Press or CAD). Pressed EM
might lead inhomogeneous distribution of the lithium
disilicate crystals and this might lead rougher surface.
Although the surface roughness of dental materials can
be evaluated by several different methods, profilometry
is widely used in the literature. The most common
method of calculating the average roughness value
is the Ra value obtained by measuring the roughness
values of all absolute surfaces and averaging them.24
Tholt et al. 20 measured the roughness of ceramic
surfaces finished with different surface techniques
with a profilometer and atomic force microscope. As a
result of the study, they stated that with the polishing
process, a surface at least as glazed or even smoother
can be obtained, similarly our results.

The glaze used for ceramics is a colorless glass powder.
It is applied to the surface of the restoration and
furnaced to obtain a glossy surface. The molten glass
fills and closes the pores on the surface.15 There are
different produced sets for the polishing process. In
general, polishing is done by following a sequence from
coarse to fine-grained abrasives. Glossy and smooth
surfaces are obtained by using rubber and/or polishing
pastes containing aluminum oxide. Wiley reported that
with the polishing process, the surface can reach a gloss
like a glazed surface.16 Rosenstiel et al. reported that
the polished porcelain showed the same discoloration
as the glazed group and the fracture toughness of the
polished group was higher.17 According to Bollen et al.,
the surface roughness value of dental materials should
be less than 0.2μm in order to minimize the amount
of bacterial retention.18 However, when the findings of
some studies in the literature were examined, it was
seen that this value could not be reached.19-21 In all
glazed groups in our study, the mean surface roughness
was measured above 0.2µm (EM-G = 0.38µm, LU-G
= 0.37µm, VE-G = 0.22µm). On the other hand, the
surface roughness values obtained by polished groups
were measured as less than 0.2μm. Ozarslan et al.11
found that higher roughness values than 0.2µm in both
polished and glazed VE material. The polishing time
required to achieve lower roughness and the polish set
used may have led to this result. But they stated that
polished VE group had lower roughness than glazed
one. In this respect, the results are similar to our study.
Flurry et al.22 reported that polished LU showed the
lowest surface roughness values than polished VE in
accordance with our results.

The Ra value offers important information about the
surface roughness. However, it does not mean that
there will be no defect in a local area of the surface.
Glazing is an effective method for filling the surface
defects.21 However, glazed surfaces were found to be
significantly rougher than polished surfaces in our
study. For this reason, when using hybrid materials in
clinics, mechanical polishing can be preferred as it is
a surface finishing method without applying any layer
to the surface. When polishing is preferred, processes
that may cause defects should be avoided during the
production of the material. The blocks produced for
use in CAD/CAM systems are pre-fabricated and
homogeneous. Therefore, restorations produced using
a hybrid ceramic block with a CAD/CAM system can
be finished with polishing.
Another factor that determines the roughness in
surface finishing processes is the microstructure
of the material. In materials with interpenetrating
network structure, it is beneficial that the physical
and mechanical properties of the materials used for
filler and network structure are close to each other.
Otherwise, while the fillers wear away and move
away from the structure, the network can maintain
its existence in the structure as it is more durable and
in the form of a mesh. In this case, it increases the
surface roughness and has an abrasive effect on the
opposing tooth. In our study, the smoothest surface
was obtained in the LU-P group. LU material contains
polymer matrix. The network structure is polymer and
the filler is harder zirconia and silica. Therefore, if the
filler is removed by abrasion, the polymer network is
affected by the same factor and it becomes flattened by
abrasion. For this reason, it is thought that a smoother
surface is obtained with the polishing process in the

Glaze material is applied to the surface as a layer. It is
applied to the surface with the help of a brush, mostly
by mixing powder-liquid. Glaze increases the gloss of
the surface, but depending on the applicator, not being
able to distribute it homogeneously on the surface
during its application with a brush and not mixing the
powder-liquid ratio as recommended may result in a
high roughness value, although a glossy appearance
can be obtained. The polishing process is carried out
without applying any layer to the surface. The low
Ra values reached by polishing is due to this reason.
According to our results, glazed hybrid materials
were exhibited higher roughness values than polished
ones. This result is in accordance with the literature.9,11
Tekçe at al.9 reported that similar roughness values
between glazed LU and glazed VE material. However,
189
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LU material. However, it is unclear how the initially
obtained surface roughness will be affected by wear
in the long term and whether it will preserve its initial
values. Therefore, future clinical studies are needed
on this subject.

8.

9.

CONCLUSION
It is concluded that the Lavu Ultimate and Vita Enamic
hybrid ceramic materials exhibit a smoother surface
after polishing than the lithium disilicate glass ceramic
material. Lower level of roughness can be achieved
with polishing in Lava Ultimate material than Vita
Enamic material, but Vita Enamic material is more
advantageous in terms of roughness if glaze application
is required.

10.

CONFLICT OF INTEREST

12.

11.

Authors declare that there is no conflict of interest for
this study.
13.

REFERENCES
1.
2.

3.
4.
5.

6.

7.

Van Noort R. The future of dental devices is
digital. Dent Mater. 2012;28(1):3-12.
Ja n e va N M , Kova c e v s k a G , Ele n c e v s k i
S, Panchevska S, Mijoska A, Lazarevska B.
Advantages of CAD/CAM versus conventional
complete dentures - A Review. Maced J Med Sci.
2018;6(8):1498-502.
Nguyen JF, Ruse D, Phan AC, Sadoun MJ. Hightemperature-pressure polymerized resin-infiltrated
ceramic networks. J Dent Res. 2014;93(1):62-7.
D e l l a B o n a A , C o r a z z a PH , Z h a n g Y.
Characterization of a polymer-infiltrated ceramicnetwork material. Dent Mater. 2014;30(5):564-9.
Coldea A. Suitability of polymer-infiltratedceramic-networks for CAD/CAM based dental
restorative materials. PhD Thesis, University of
Otago, Dunedin, New Zealand, 2014.
Koller M, Arnetzl GV, Holly L, Arnetzl G. Lava
ultimate resin nano ceramic for CAD/ CAM:
customization case study. Int J Comput Dent. 2012;
15(2):159-64.
Mormann WH, Stawarczyk B, Ender A, Sener B,
Attin T, Mehl A. Wear characteristics of current
aesthetic dental restorative CAD/CAM materials
two-body wear, gloss retention, roughness and
Martens hardness. J Mech Behav Biomed Mater
2013;20:113-25.

14.

15.

16.
17.
18.

19.

190

Kilinc H, Turgut S. Optical behaviors of esthetic
CAD-CAM restorations after different surface
finishing and polishing procedures and UV aging:
An in vitro study. J Prosthet Dent. 2018;120(1):10713.
Tekçe N, Fidan S, Tuncer S, Kara D, Demirci M.
The effect of glazing and aging on the surface
properties of CAD/CAM resin blocks. J Adv
Prosthodont. 2018;10(1):50-7.
Abu-Obaid A, AlMawash A, Alyabis N, Alzaaqi
N. An in vitro evaluation of the effect of polishing
on the stainability of different CAD/CAM ceramic
materials. Saudi Dent J. 2020;32(3):135-41.
Özarslan MM, Büyükkaplan UŞ, Barutcigil
Ç, Arslan M, Türker N, Barutcigil K. Effects
of different surface finishing procedures on
the change in surface roughness and color of a
polymer infiltrated ceramic network material. J
Adv Prosthodont. 2016;8(1):16-20
Aldosari LI, Alshadidi AA, Porwal A, Al Ahmari
NM, Al Moaleem MM, Suhluli AM, et al Surface
roughness and color measurements of glazed or
polished hybrid, feldspathic, and Zirconia CAD/
CAM restorative materials after hot and cold coffee
immersion. BMC Oral Health. 2021;;21(1):422.
Oliveira-Junior OB, Buso L, Fujiy FH, Lombardo
GH, Campos F, Sarmento HR, et al. Influence of
polishing procedures on the surface roughness of
dental ceramics made by different techniques. Gen
Dent. 2013;61(1):e4-8.
Flury S, Peutzfeldt A, Lussi A. Inf luence of
surface roughness on mechanical properties
of two computer-aided design/computer-aided
manufacturing (CAD/CAM) ceramic materials.
Oper Dent. 2012;37:617-24.
McLean, JW. The science and art of dental
ceramics. A collection of monographs. Louisiana
State University. School of Dentistry, Continuing
Education Programme, 1974.
Wiley MG. Effects of porcelain on occluding
surface of restored teeth. J Prosthet Dent. 1989;
61:133-7.
Rosenstiel SF, Baiker MA, Johnston WM.
A comparison of glazed and polished dental
porcelain. Int J Prosthodont. 1989;2:524-9.
Bollen CML, Lambrechts P, Quir y nen M.
Comparison of surface roughness of oral hard
materials to the threshold surface roughness
for bacterial plaque retention: a review of the
literature. Dent Mater. 1997;13:258–69.
Al-Wahadni A. An in vitro investigation into the
surface roughness of 2 glazed, unglazed, and
refinished ceramic materials. Quintessence Int.
2006;37:311– 17.

Journal of Dentistry Indonesia 2021, Vol. 28, No. 3, 185-191
20. Tholt B, Miranda-Júnior WG, Prioli R, Thompson
J, Oda M. Surface roughness in ceramics with
different finishing techniques using atomic
force microscope and profilometer. Oper Dent.
2006;31:442–9.
21. Çökük N. Tam seramik sistemlerine uygulanan
farklı polisaj metotlarının yüzey pürüzlülüğüne
etkisinin incelenmesi. Ataturk Univ. Dis Hek. Fak.
Derg. Cilt:19, Sayı: 2, Yıl: 2009, Sayfa: 98-104.
22. Flury S, Diebold E, Peutzfeldt A, Lussi A. Effect
of artificial toothbrushing and water storage on the

surface roughness and micromechanical properties
of tooth-colored CAD-CAM materials. J Prosthet
Dent. 2017;117:767-74.
23. Dogheim AY, El Kady AS, Ghoneim MM, Maha
A. Abdelmotie MA. In vitro comparative study
of Lava Ultımate CAD/CAM restorative system
in comparison to IPS E-max Press. Alexandria
Dental Journal. 2016;41:156-62.
24. Whitehead SA, Shearer AC, Watts DC, Wilson NH.
Comparison of two stylus methods for measuring
surface texture. Dent Mater. 1999;15(2):79-86.
(Received September 11, 2021; Accepted November
11, 2021)

191

